Context. We present the transit and follow-up of a single transit event from Campaign 14 of K2, EPIC248847494b, which has a duration of 54 hours and a 0.18%-depth. Aims. Using photometric tools and conducting radial velocity follow-up, we vet and characterise this very strong candidate. Methods. Due to a long, unknown period, standard follow-up methods need to be adapted. The transit is fitted using Namaste, and the radial velocity slope measured and compared to a grid of planet-like orbits with varying masses and periods. These utilised stellar parameters measured from spectra and the distance as measured by Gaia. Results. Orbiting around a sub-giant star with a radius of 2.70±0.12R Sol , the planet has a radius of 1.11 +0.07 −0.07 R Jup and a period of 3650 +1280 −1130 days. The radial velocity measurements constrain the mass to be less than 13M Jup , which implies a planetary-like object. Conclusions. We have found a planet at 4.5 AU from a single transit event. After a full radial velocity follow-up campaign, if confirmed, it will be the longest-period transiting planet discovered.
Introduction
Detecting exoplanets via single transit events (monotransits) will be crucial in the era of short duration (27 day) TESS campaigns, with over 1000 monotransits estimated (Villanueva et al. 2018) . To date, a number of monotransit candidates have been proposed (Osborn et al. 2016; LaCourse & Jacobs 2018; Osborn et al. in prep.; Vanderburg et al. 2018) . Of the 160+ candidates in LaCourse & Jacobs (2018), they also report the detection of the monotransit reported in this work. However, currently only one has been confirmed and re-observed (HIP116454b, Vanderburg et al. 2015) , on a 9.1-day orbit.
We report the discovery of EPIC248847494b, a sub-stellar object on a very long-period orbit which exhibited a single transit in Campaign 14 of K2. In Section 2, we outline the observations taken leading to and following the detection. In Section 3, we describe the analysis of the data to characterise the system, and the proccesses taken to eliminating other causes. In Section 4, we discuss the implications of this planet-like object; and in Section 5, we summarize the discovery.
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Observations
EPIC248847494b was observed in Campaign 14 of the K2 mission in long cadence (29.4 minute exposures). The campaign began on 1st June 2017 at 05:06:29 UTC and ended 19th August 2017 at 22:11:02 UTC, lasting 79.7 days.
Following the public release of K2 reduced data on 20th November 2017, the light curves were searched for planetary signals following the same method as described in Giles et al. (2018) . This utilised the K2 PDC_SAP-reduced light curves which were detrended using a moving polynomial and removing significant outliers; then searching for transits using a box-fitting least squares algorithm (BLS, Kovács et al. 2002) . In addition to regular transit candidates, we detected a single transit event in the light curve of EPIC248847494 (see Fig. 1 ). The transit depth is approximately 1.7 mmag, lasting over 53 hours. No other transits or unusual systematics were seen in the light curve. From this we concluded that the event was of astrophysical origin.
In order to determine the nature of this very strong candidate, we observed EPIC248847494 with the 1.2m Euler telescope at La Silla Observatory in Chile using the CORALIE spectrograph (Queloz et al. 2000) . CORALIE is a fibre-fed, high resolution (R=60,000) echelle spectrograph which is capable of high precision (< 6ms −1 ) radial velocity measurements (RVs). 15 observations were taken between 17th December 2017 and 17th April 2018 (see Table 1 ) where a 16th point was removed due to sig- (Fig. 2) . To check that radial velocity variations were not due to a blended spectrum, we compute the bisector slope of the crosscorrelation function for each observation as described by Queloz et al. (2001) , see Table 1 . We see no correlation between the bisector slope and radial velocities. We also recompute using different stellar masks and see no trends which suggests this is not a blended binary (Bouchy et al. 2009 ).
Analysis

Stellar Parameters
To determine the stellar parameters of EPIC248847494, we followed the same methodology as Giles et al. (2018) . A pipeline was built for the CORALIE spectra based on iSpec 1 (BlancoCuaresma et al. 2014a ). All observations were aligned and 1 http://www.blancocuaresma.com/s/iSpec co-added to increase S/N, reduced and spectrally fitted using: SPECTRUM (Gray & Corbally 1994) as the radiative transfer code; atomic data obtained from the Gaia-ESO Survey line list (Heiter et al. 2015b) ; line selection based on a R ∼ 47 000 solar spectrum (Blanco-Cuaresma et al. 2016 ; and the MARCS model atmospheres (Gustafsson et al. 2008) . Resulting errors were increased by quadratically adding the dispersions found when analyzing the Gaia benchmark stars (Heiter et al. 2015a; Jofré et al. 2014; Blanco-Cuaresma et al. 2014b ) with the same pipeline. This resulted in an effective temperature of 4877±68K, a log g of 3.41±0.07 dex and [Fe/H] = -0.24±0.04 dex.
From the second data release of Gaia (Gaia Collaboration et al. 2018), EPIC248847494 has a measured parallax (see Table 2 ) from which we can determine an independent stellar radius using bolometric absolute magnitudes and the spectroscopically determined effective temperature for EPIC248847494 following the method detailed in Fulton & Petigura (2018) . We take the K-band apparent magnitude (Skrutskie et al. 2006) , the Gaia distance and a bolometric correction (BC K , from Houdashelt et al. 2000 ) of 1.91±0.05 which was interpolated from the range within the coarse grid. We chose not to include an extinction correction as this only introduces an uncertainty of 0.5% (Fulton & Petigura 2018) . This gave a radius of 2.70 ± 0.12R sol .
Taking the spectrally-determined metallicity and effective temperature, and the measured radius as observational constraints, we input them into the Geneva stellar evolution code (Eggenberger et al. 2008) . This results in a stellar mass of 0.9±0.09M sol . These values of mass and radius would therefore indicate a log g of 3.52 dex. If we fix the iSpec analysis to this log g, the metallicity and effective temperature are very similar to the initial results (see Table 2 ). Log g is not well constrained spectroscopically, and changes have very limited effect on other parameters. Therefore we adopt the log g = 3.52 based parameters.
Eliminating K2 Photometric Systematics
Given the high possibility for false positives when dealing with monotransits, we have endeavored to reasonably eliminate all causes for false positives. All objects listed as 'Stars' with K2 light curves within 25 arcminutes were checked for similar artifacts. Of the 61 objects, none showed odd behaviour at the same epoch as the monotransit. Additionally, the location of EPIC248847494 was not near the edge of the CCD suggesting no near-edge effects took place. From the Target Pixel file of EPIC248847494, we checked the pixels for changes and failures before (both the star and background flux), during and after the transit -none were found. We checked the centroid shifts of EPIC248847494 in the K2 release light curves. There are three clear regimes in pointing (times given in BJD-2454833): ∼3072-3087 days -K2 settling into position after changing field; ∼3087-3124 days -K2 approaching optimum stability position; and ∼3124-3153 days -K2 retreating from the optimum stability position. The optimum stability position is the moment when the balance between the remaining reaction wheels of K2 are most stably balanced against the solar radiation pressure (G. Baretsen, personal communication). The monotransit is away from this optimum stability position and other shifts in pointing. Furthermore, there is no evidence that centroid position for the PSFs or the flux weighted centre have dramatically changed for any reason. Using the extracted light curve from Vanderburg & Johnson (2014) , available from MAST 2 , we checked the in-transit points along the measured arc caused by the movement of K2. When in-specting the change in flux due to arclength, no in-transit points were constrained to a single area, but covered the arc uniformly with no evidence for earlier or later points favoring certain arclength positions. No close neighbours are present in the Gaia DR2 data (Gaia Collaboration et al. 2018 ).
Planet Parameters
General transit-fitting methods are often unsuitable for modelling monotransits, as intrinsic knowledge of the orbit is necessary (e.g. P and R * /a), therefore a monotransit-specific fitting code (Namaste, Osborn et al. 2016) 3 was used to model the HLSP light curve from Vanderburg & Johnson (2014) of EPIC248847494 and explore the planetary characteristics. It applies the transit models of Mandel & Agol (2002) taking the lateral velocity of the planet (scaled to stellar radius) as a parameter. Other transit parameters required are planet-to-star radius (uniform prior between 0.02 & 0.25), impact parameter (uniform prior between −1.2 & 1.2), transit centre and limb darkening. Quadratic limb darkening coefficients were estimated from T eff , log g and metallicity for the Kepler bandpass (Sing 2010 ) and fixed using a Gaussian prior.
Emcee (Foreman-Mackey et al. 2016 ) was used to explore the parameter space of the transit and Gaussian process models. To model the stellar and photon noise present in the light curve we used the celerite Gaussian process package (ForemanMackey et al. 2017) . We fit two GPs, an exponential kernel for long-timescale trends (log a = −7.41±0.72, log c = −10.9±0.7), and a matern-3/2 kernel for short-timescale granulation (log σ = −10.0 We also tested the performance of a stellar rotation-like quasi periodic kernel, an artificially high white noise term to account for granulation, and fitting rather than fixing the white noise, all of which gave consistent results.
The best fit is a planet with orbital velocity v =0.61
+0.08
−0.05 R * d −1 which gives an orbital period of 3650
+1280
−1130 days, when converted using
However, the model fitting revealed strong correlations between R P /R * , b and v . This suggests a higher velocity, slightly smaller planet on a low-impact parameter transit fits the data almost as well as the larger R P /R * and b but lower v . But as R P /R * only varied by a small amount, it did not significantly vary the planetary radius. The Namaste fit resulted in a planet-like object with a radius of 1.11±0.07R Jup , orbiting its host star between 3.5 and 5.5 AU. This would indicate the planet has a temperature of approximately 183 +25 −18 K (with albedo set to 0). For simplicity we assume an eccentricity of 0, although we note that any orbital eccentricity would increase the spread on the velocity and therefore the period. For details, please see Osborn et al. (2016) . We hope to constrain this as we gather more long-term RV data.
Knowing the time of transit means we are in a unique position for radial velocity follow-up. For all observations, it is possible to calculate the phase given an orbital period or semimajor axis, and an RV value given a planetary mass. Therefore we construct a grid of semi-major axes, 0.5 to 15AU, and planetary masses, 0.3 to 150M Jup . From this, we calculate the orbital period and the semi-amplitude for the system, assuming eccentricity is zero. We calculate for each grid point the RVs that would be at the times we have data and determine the RV slope, assuming a linear fit, in m/s/day. In Figure 3 , we show the measured RV slope and the 1-, 2−σ errors cover the estimated semi-major axis range from Namaste. The peaks in the grid scale at 0.55, 0.75 and 2 AU are due to RV quadrature for those orbits. In combination with Fig. 2 , it is clear that the RV signal would indicate a mass of 13M Jup or less.
We also calculate the minimum RV slope we would expect to see for certain celestial body types in the 4.5 AU orbit from Namaste. For a low-mass star (>80M Jup ) and a browndwarf (>13M Jup ) we would expect to see 1.88 m/s/day and 0.31 m/s/day respectively. Therefore a planet-like object, over ∼ 120 days needs to show a change of less than ∼36m/s (Fig. 2) .
Discussion
If EPIC248847494b is indeed planetary in nature and confirmed with RVs, it will be the longest period transiting exoplanet ever discovered. For final confirmation it would require 3 years of radial velocity follow-up. Currently, there is only one confirmed transiting planet in the NASA Exoplanet Archive 4 (Akeson et al. 2013 ) with a period longer than 2500 days (our lower limit).
With an occurrence rate of ∼4.2% (Cumming et al. 2008 ) for a planet with mass between 0.3 and 15 M Jup in a 3-6 AU orbit and a transit probability of 0.12%, applied to the entire K2 catalogue (312,269 stars) which are observed for a maximum of 80 days, we would expect to detect on the order of one object.
Comparison with planets within the solar system, EPIC248847494b is similar to our gas giants which heavily suggests it will possess moons. As the estimated equilibrium temperature is 183 +25 −18 K, that would indicate the planet is close to the snow line. Therefore, any moons may well be near the habitable zone, based on the stellar effective temperature and luminosity (Kopparapu et al. 2013 (Kopparapu et al. , 2014 ) -although it would have been much cooler for most of the star's main sequence lifetime.
The minimum observing windows for TESS are 27.4 days (assuming non-consecutive observing windows). This will apply a hard limit of ∼28-day periods for objects to have 2 or more transits. This has recently been investigated by Villanueva et al. (2018) where they have estimated that TESS will discover 241 monotransits from the postage stamps and a further 977 from the Full-Frame-Images. With the possibility of over 1000 new, single transit candidates there may be many more EPIC248847494b-type planets to be discovered and characterised.
Conclusions
From Campaign 14 of the K2 mission, we detected a monotransit in the light curve of EPIC248847494 and performed follow-up observations. From spectra obtained as radial velocity measurements we determined that EPIC248847494b orbits a 2.70 ± 0.12 R sol star with a mass of 0.9±0.09 M sol -a sub-giant star. EPIC248847494b is the first, long-period planet to be vetted using radial velocity, starting from a single monotransit. We estimate the orbital period to be 3650 +1280 −1130 days, a radius of approximately 1.11±0.07 R Jup with a lower and upper limit on the mass of 1 and ∼13 M Jup respectively. This is an excellent candidate for attempting to detect exomoons which may well be habitable, however this would require 4 exoplanetarchive.ipac.caltech.edu extremely precise photometry (e.g. CHEOPS, Broeg et al. 2013 , or PLATO, Rauer et al. 2014 for future transit events.
Additionally, given the shorter observation campaigns from TESS, the number of monotransit candidates will increase. We have shown that it is possible, given the parameters that can be measured from the transit, to characterise these candidates and potentially push out to longer and longer orbital periods. Fig. 3 . A grid of semi-major axes and planetary masses and their corresponding RV slopes, using observations from CORALIE. The colour scale ranges -1.5 to 1.5 m/s/day, with all else set to white. The slope, with 1-and 2−σ errors, of the CORALIE RVs (solid and dashed black lines) show regions of likely solutions. Also shown are mass limits for low-mass stars and brown dwarfs (black dashed-lines). The Namaste fit of the light curve (see Sect. 3) produces a distribution of semi-major axes (green histogram). The peaks in the grid scale at 0.55, 0.75 and 2 AU are due to RV quadrature for those orbits.
